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PRELIMINARY-TIGATION OFSELF-EXCHZD
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VIBRATIONS
-i

OFSINGIEPLANINGSURFACES1

ByElmoJ.Mottard

suMMARY

A preliminaqinvestigationwasmadeofself-excitedvibrationsof
singleplaningsurfaces.A se~-excitedoscilk.tionrequiringfreedom
inrisebutnotintrimoccurredwithhighaspectratio’(orde~of10)
ofthewettedportion.‘12hisvibrationcouldbe controlledmostsuccess-
fullyby methods(suchasthe
aspectratio.

useofdeadrise)whichlimitedthewetted

mODUCTION

A tendencyforsingleflatplaningsurfacestovibratehasbeen
observedduringforcetests(ref.1). Themotionoccurredat SMU
wettedlengthsandappearedtobe essentiallyan oscillationintrimor
riseora combinationofthese.Thistypeofvibrationhasnotbeen
encounteredon seaplanehu3d.s,perhapsbecausethesehullsgenerallydo
nothaveflatbottomsorbecausethehullstructuresareveryrigid.
Thisvibration,nevertheless,issignificantforhydro-skis,whichmaybe
flat-bottomednearthetrailingedgeandhavean inherentlylessrigid
structurethantheseaplanehull.Therehavebeeninstancesinwhich
severevibrationsofI@ro-skishaveoccurredandcaused,structural
me tothea@?l=e ad discomfortto”thepilot.

Becausethevibrationofplaningsurfaceshasbecomea practical
problem,a prelhinaryinvestigationofthevibrationofsingleplaning
surfaceshasbeenmade.Varioustypesofplaningsurfacesweretested
ona practicalhydro-skiconfiguration,theeffectsofvaryingsomeof
thestructuralandgeometricpropertiesoftheconfigurationweresought,
andtestsweremadeto determinethedegeesoffreedomrequisitefor
thevibrationto occur.

‘supersedesrecentlydeclassifiedNACAResearchMemorandumL~~27
byElmoJ.Mottard,1955.
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MODELANDAI’PAFWTUS
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Thebasichydro-skimodelandtowingapparatusareshownh
figures1 and2. Theskiwasmadeofspruceintheshapeofa rectangular
boardandwasattachedtoa nmsiveI-beamby meansofpivotssoasto
permitfreedominbendhg. Themassofthetowinggear(exclmiveofthe
counterweights)was2CX)pounds,whichwassufficientlylargeto eliminate
verticaltranslationoftheskisupportatthevibratoryfrequencies
encountered.ThedistanceZ fromtherearpivottothetrailingedge
oftheskiwas17 inchesandthethichess t was0.94inch.The
mechanicalpropertiesoftheskiaregivenintableI. An accelerometer,
usedmerelyasa vibrationdetector,wasfastenedtothehydro-skimidway
betweenthepivots.

Inorderto.determinetheeffectsofvaryingsomeofthedesign
characteristics,thebasichydro-ski(fig.3(a))wasmodifiedas follows:

Anglesofdeadriseof10°and20°(figs.3(b)and3(c))werepro-
videdby fasteningblocksofthepropershapetothetrailingedge.The
blockswereshortandlightinweightsothatthemechanicalproperties
ofthehydro-skiwerenotappreciablyaltered.

Transversecircular-arccurvatureshavingradiiof9.14inchesand
4.86inches(figs.3(d)and3(e))weresimilarlyprovided.Thecylin-
dricalsurfacesweredesignedto circumscribetheprism.ticsurfacesof
figures3(b)and3(c).Thealterationdidnotappreciablyaffectthe
mechanicalpropertiesofthehydro-ski.

Thetrailingedgewasmadepointedinplanform.A single600point
(fig.3(f)),twopoints(fig.3(d) des~ed to @ve thes~e variation
wettedareawithdraftasthesinglepoint,w fivepointsof600
(fig.3(h)) weretried.Themechanicalpropertieswerenotappreciably
affectedby thesechanges.

Thethicknesst (fig.1)wasvariedfrom0.5inchto 1.5inches;
theresultingvariationsinthemechanicalpropertiessreshownin
tableI(a).

of

Theoverhangz (fig.1)wasdecreasedfrom17inchesto 1 inchin
fourstages;theeffectsonthemec~cal properties=e sho~ ~
tableI(b).

In orderto determinetheeffectofeliminatingthechangeintrim
oftheplaningsurface,thearrangementshow ~ fi~e 4 -S wed. me
SMIJ-planingsurfacelocatedmidwaybetweenthefixedpivotsofthe
simplebefiiseffectivelyconstrainedtomoveintheverticaldtrection
whenthebeamvibrateswithsmallsmplitudeinthefirstmode. Two
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accelerometerswereusedinorder
thefirstmodeandhighermodes.
sprayfromhittingthebeam.

3

to facilitatediscriminationbetween
A sprayshieldwasprovidedtoprevent

TheLangleytmik no.1, inwhichthetestsweremade,isdescribed
inreference2. Thewaterinthetankwas12feetdeepduringthetests.

PROCEDURE

Theloadandtrimwereheldconstantduringthetestrun. Because
thetrtiwassetandmeasuredat zeroload,thetrimofthetrai13ngedge
ofthehydro-skiwhenunderloadwasdifferentfromthemeasuredtrim.
Thetrimofthetrailingedgemaybe computed,ifdesired,by theuseof
tableI. Themodelwasacceleratedata constantrateof1.5feetper
secondperseconduptoa maximumspeedof 80feetpersecond.Thespeed
andaccelerometeroutputwererecorded,andthespeedatwhichvibration
startedwasobtatiedfromtherecord,wherethestartoftheself-excited
vibrationwasevidencedby a suddenincreaseintheaccelerometeroutput
(fig.5). As anaidindistinguishingmodesandvisualizingthevibration,
motionpictureswere~de inwhi’chan illusionofslowingdowntheoscil-
lationswasobtainedbysettingthe@era speed(inframespersecond)
slightlyslowerthanthevibrationfrequency.A similsxtechniquewas
usedwitha flashinglampfordirectobservation.

Inordertoprotectthetowinggearfromtheeffectsofsaltspray,
shieldswereprovided.Checkrunsmadewithouttheseshieldsindicated
thatthedatawerenotappreciablyaffectedby theirpresence.

RESULTSANDDISCUSSION

GeneralDescription

Oscillationswereencounteredwhichwereevidentlyselfexcited
ratherthanwaveexcited,sincetheydidnotdependonthepresenceof
wavesorripplesonthewater.Thevibrationoccurredonlywhenthe
wettedlengthwassmallwithrespecttothebeam(athighaspectratio).
Forexample,duringa typicaltestrunwithconstantloadandincreasing
speed,thehydro-skistartedtovibrateinthefirstmodeinbending
(withlargestdisplacementatthetrailingedgeandmidwaybetweenthe
pivots)whentheaspectratioofthewettedportionreachedabout10.
Thefrequencywasslightlyhigherthanthenaturalfrequencyinair. As
thespeedwasincreasedthefirstmodewassucceededby an intervalof
irregularvibrationwhichwasfollowedby higherties. Thevibration
inmanyinstanceswasaccompaniedby a drumingsoundwhichwasapparently

— ——— .—.. —-.—.-——— —.-. .. .————
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causedby therapidsuccessionof impactsoftheplaningsurfacewith
thewatersurface.At lowtrhs theoscillationsappearedgraduallyand
wereof smalIlamplitude.At lightloadsandhightrims,themodelbecame
airborneduringthetestrun.

A seriesofframesfroma motionpictureofthevibratinghydro-ski
isshowninfigure6. Thecamerawaslocatedonthestarboardside,above
andslightlyforwardofthetrailingedge.Theskiismovingtotheright
andthetrailingedgeisslightlyabovethecenterofthepicture.The
wake,whichcanbeseentotheleftofthetrailingedge,iscomposedof
approximatelysquaredepressionswhicharesurroundedby spray.Thefre-
quencyofvibrationwasSO cyclespersecondandthecameraspeedwas
slightlylessthan50-framespersecond,theresultbeingthatthe
sequenceofphoto~aphsshowssuccessivestagesinthevibrationcycle.
Thefirstphotographshowstheskienteringthewaterandphotographs2
to 1.2showsubsequentstagesofthefomtion ofa depressioninthe
water.Inphotograph13thehydro-skiisoutofthewater.Thelast
threephotographsshowthestartofthefomwtionofanotherdepression.

VibrationWithoutTrimMotion

By usingthearr&ngementoffigurek,a self-excitedvibrationwas
obtainedwithoutmotionintrim.Thisvibrationoccurredunderthesame
conditionsofload,trim,speed,andaspectratioandhadabotithesame
frequencyasthatexperiencedwiththeconfigurationoffigure1. 12vi-
dentlythevibrationofthehydro-ski(fig.1)andthatofthearrangement
showninfigurek arebothexamplesofa vibrationphenomenonwhichoccurs
withplaningsurfacesathighaspectratios(orderof10). Thisphenomenon
isnotexplainableonthebasisof couplingbetweentrimandrisemotions,
sinceitmayoccurwithoutfreedomintrim.

VibrationBoundaries

Figures7 to 12 showthespeed”atwhichthefirstmodeofvibration
stsrtedforthebasicskiandforthevariousmodificationsfora load
rangefrom5 to60pounds(withtheexceptionoftheO.S-inch-thickski,
forwhichtheloadrangewasfrom5 to40pounds),speedsupto ~ feet
persecond,andtrims(measuredat zeroload)from3°to 25°. Theabsence
ofdata.foranyconditionofload,speed,andtrimwithintheselimits
indicatesthatvibrationeitherdidnotoccuror startedsograduallythat
thestartingpointwasnotdefinable.Thescarcityofdataattrims
below10°istheresultofa tendencyforthestartingpointtobe
indefiniteat lowtrims.Theconditionsforwhichvibrationdidnotoccur
areindicatedinthefigures.Thespeedatwhichvibrationstarted
increasedwithincreaseinloadand,ingeneral,decreasedwithincrease
intrim.

.

.
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Theeffectsofloadandtrimonthevibrationboundaryofthebasic
configurationareshowninfigure7. Inorderto facilitatecomparison
ofthemodifications,thesecurvesforthebasichydro-skihavebeen.
repeatedinallsubsequentfiguresas solidlines.

Theeffectsof changesintheshapeoftheplaningsurfacearepre-
sentedinfigures8 to 10. Deadriseof10°causedthevibrationboundary
tomovetohigherspeeds.(Seefig.8.) h evenmorefavorableeffect,
however,wasa greatreductionintheseverityofthevibration.
Increasingthedeadriseto 20°completelyeliminatedthevibrationfor
therangeof speedandloadtested.Theeffectoftransversecurvature
(fig.9)wasverysimilartothatofdeadrise. Thevibrationwiththe
4.86-inchcurvaturewassofeeblethatitwaspracticallynegligible.
Thevibrationspeedswithvarioustypesofpointedtrailingedgesare
showninfigure10. Thesinglepointandthetwopointscomplete~
eliminatedthevibrationfortherangeofspeedandloadtested.The
vibrationboundsrywasnotsignificantlydifferentwiththefive-pointed
trailingedgethanwiththebasictrailingedge,buttheseverityofthe
vibrationwasmuchlesswiththepointsthanwithout.Becausethese
planing-surfacechangeslhitedthewettedaspectratio,theirsuccess
isadditionalevidencethatthevibrationonlyoccurswithhighwetted
aspectratio.

Theeffectsofmodificationswhichalterthemechanicalpropetiies
oftheplaningsurfacearepresentedinfiguresI-1andI-2.FigureI-1shows
theeffectofhydro-skithicknessonthevibrationboundaries.h general,
thebehaviorofthe0.50-,0.75-,andO.$lk-inch-thickhydro-skiswas
simi~, especiallyathighloadsandtrims.Thevibrationofthe1.25-inch
hydro-skiusuallystartedsograduallythatthestsrtingpointcouldnot
be determined.Thespeedatwhichvibrationst=rtedforthe1.5Q~fich
hydro-ski(6opercentthickerthanthebasicski)wasconsiderablyhigher
thanfortheothers.Theeffectofreducingtheoverhangfrom17 inches
to 9 inches(fig.12)wasslight,butat 5 inchesoverhang(areduction
of 70percent)thevibrationwaseliminatedfortherangeofspeedsand
loadsinvestigated.

CONCLUDINGREM4RM

A preliminaryinvestigationofvibrationsofsingleplaningsm’faces
hasindicatedthatself-excitedvibrationsoccurwitha highaspectratio
(orderof10)ofthewettedportionandmayoccurwithouta changeintrim
angle.Theoscillationscanbedecreasedin severityoreliminatedbythe

. useofplaningsurfaceswhichlimitthewettedaspectratio.Deadrise,
transversecurvature,anda pointedtrail~ edgeare~ effecti~e~
A 60-percentincreaseinthethicknessofthebydro-skicauseda definite

. increaseinthespeedatwhichvibrationfirstoccurred.A 70-percent

. .—— ---———————- ————— -——.——— _ _—— -—— ——.
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decreaseintheoverhangeliminatedthevibrationfortherangesof speeds
andloadsinvestigated.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,September1, 1955.
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TABLEI.-MECHANICALPROPERTIESOFHYDRO-SKZS

(a)Variousthiclmessesand17 inchesof overhang

Thiclmess,t,
in.

0.50

a
1.25
1.50

Firstmode
naturalfrequency,

Cps

23.2
31.1
37.4
53.6
73.0

Staticdeflection

Linear,
in./lb

(a)

0.0326
.0145
.0083
.0036
.0018

Angular(trim),
deg/lb

(b)

0.131
.058
.034
.014
.007

(b)VariousamountsofoverhangandO.~ inchthickqess

Overhang,1, Firstmode
in. naturalfrequency,

Cps

C17 37.4
13 43.3

46.7
; 47.5
1 47.8

Staticdeflection

Linear, -r (trim),
in./lb deg/lb

0.0083
.0048
.0027
.0012
.0CQ2

0.034
.027
.018
.010
.002

abad appliedanddeflectionmeasuredatthetrailingedge,per-
pendicularto thebottomofthehydro-ski.

bbad appliedatthetrailingedge,perpendiculartothebottom
ofthehyd.ro-ski.Angulardeflection(changeoftrim)measuredatthe
trailingedge.

cBasicconfiguration(figs.1,2,and3(a)).
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Figure6.- Consecutivephotographsofthevibratinghydro-ski.Thickness

ofhydro-ski,0.94inch;load,20pounds;speed,45feetpersecond;
trim,20°.
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